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Background: This study aimed to examine the association between sitting time and handgrip strength in healthy 
Korean women.
Methods: A total of 5,437 participants were included from the Korea National Health and Nutrition Examination 
Survey 2014–2016. The overall daily sitting time was estimated using health interview surveys, and handgrip 
strength was assessed using a digital hand dynamometer. The relationship between sitting time and handgrip 
strength was calculated with a weighted analysis of covariance after adjusting for confounding variables.
Results: Participants in each age group (19–39, 40–64, ≥65 years) were divided into three categories according to 
sitting time: ≤5, 6–9, and ≥10 h/d. The handgrip strength tended to decrease as sitting time increased after adjusting 
for age, body mass index, alcohol intake, cigarette smoking, resistance exercise, aerobic physical activity, household 
income, education level, hypertension, diabetes mellitus, dyslipidemia, and depression in all age groups (all 
P<0.001).
Conclusion: We observed the inverse relationship between sitting time and handgrip strength in healthy Korean 
women.
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The World Health Organization (WHO) has announced that physical 
inactivity can have grave implications for public health and considers 
sedentary lifestyle to be among the ten leading causes of mortality and 
disability worldwide in 2002. The term “sedentary,” Latin word for “se-
dere,” means “to sit”; thus, the term “sedentary lifestyle” is used to de-
scribe behaviors involving sedentary and low levels of energy expendi-
ture, not only leisure sedentary time, including watching movies, but 
also productive sedentary time, including paperwork in an office.1,2) In 
recent years, sedentary behavior has increased dramatically with a 
change in modern lifestyles. The number of manual workers has sub-
stantially reduced owing to technological developments, mechaniza-
tion, and automation. Moreover, household chores have been simpli-
fied by household electrical appliances, which make things easier and 
reduce physical activity.2) Physical inactivity increases the risk of sever-
al detrimental health issues, either directly or indirectly. Furthermore, 
previous studies have shown that increased sedentary time carries 
health risks of its own, independent of physical activity.1,3,4) A dose-re-
sponse association between sedentary time and mortality due to all 
causes and cardiovascular disease (CVD) was shown in a prospective 
study in Canada.3) Another study showed that sedentary lifestyle in the 
elderly was associated with decreased muscle mass and increased risk 
of sarcopenia, independent of physical activity.4)
 Sarcopenia is defined as the loss of muscle function and muscle 
mass. Sarcopenia is now regarded a major health issue, and the associ-
ated public health burden leads to obesity, osteoporosis, metabolic 
health, decreased quality of life, physical disabilities, depression and, 
ultimately, death.5) To diagnose sarcopenia, muscle function, such as 
muscle strength and physical performance, and muscle mass should 
be assessed together. Measurement of handgrip strength is considered 
an easy and simple way to measure muscle function; thus, it is used to 
diagnose sarcopenia worldwide.
 Previous studies on Korean people have reported on the association 
between sedentary time and development of health problems. How-
ever, these studies focused mainly on chronic diseases, such as CVD 
and type 2 diabetes. This study aimed to evaluate the association be-
tween sedentary time and sarcopenia measured by handgrip strength 
in healthy Korean women.
METHODS
1. Survey Overview and Study Population
This cross-sectional study used data acquired from the 2014–2016 Ko-
rea National Health and Nutrition Examination Survey (KNHANES). 
This consists of a nutrition survey, a health interview survey, and a 
health examination survey and was devised in 1998 to estimate the 
health and nutritional status of the Korean population. The Korea 
Centers for Disease Control and Prevention (KCDC) conducted this 
nationally representative survey. A total of 5,437 female participants, 
older than 19 years, were included from the 2014–2016 KNHANES. We 
excluded women whose sedentary time and/or handgrip strength 
data were missing; who were pregnant; who had a history of cancer or 
chronic diseases, which could influence sedentary time, such as hepa-
titis B, hepatitis C, liver cirrhosis, chronic kidney disease, angina, myo-
cardial infarction, asthma, thyroid disease, osteoarthritis and rheuma-
toid arthritis; or who had a limitation of physical activity due to any 
reason. Participants were divided in to three groups according to age.
Table 1. Demographic and clinical characteristics according to age (years)
Characteristic
Age group (y, N=5,437)
P-value
19–39 40–64 ≥65
No. of patients 1,978 2,664 795
Age (y) 29.7±0.2 50.1±0.2 73.1±0.2 0.11
Sedentary time (h/d) 26.2±0.1 26.1±0.1 20.5±0.2 0.10
Body mass index (kg/m2) 22.1±0.1 23.4±0.1 24.0±0.1 0.07
Cigarette smoking (%) 13.5±1.0 6.9±0.6 6.3±1.0 <0.001
Alcohol ingestion (%) 15.2±0.9 12.5±0.8 5.3±0.9 <0.001
Aerobic physical activity (%) 55.0±1.4 50.3±1.1 28.7±2.0 <0.001
Resistance exercise (%) 9.5±0.8 9.8±0.6 6.3±1.1 0.06
Household income quartile (%) <0.001
   1 (Lowest) 0.9±0.2 10.7±0.7 73.0±2.1
   2 1.4±0.3 12.1±0.7 11.2±1.4
   3 35.6±1.3 46.2±1.3 10.0±1.3
   4 (Highest) 62.1±1.4 30.9±1.4 5.8±1.1
Education (%) <0.001
   ≤Elementary school 0.9±0.2 10.7±0.7 73.0±2.1
   Middle school 1.4±0.3 12.1±0.7 11.2±1.4
   High school 35.6±1.3 46.2±1.3 10.0±1.3
   ≥University 62.1±1.4 30.9±1.4 5.8±1.1
Values are presented as number or mean±standard deviation.
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2. Data Collection of Study Population
During the 2014–2016 KNHANES, the participants were notified that 
their household has been randomly selected to participate voluntarily 
in a nationwide representative survey performed by the KCDC, and 
written informed consent was acquired from all participants. All citi-
zens who agreed to participate had the right to withdraw at any time as 
per the National Statistics Law of Korea. The 2014–2016 KNHANES 
collected demographic, social, and health data of these participants. 
Covariates such as age, educational level, and household income were 
considered as socioeconomic factors. Health-related factors included 
alcohol intake, cigarette smoking, resistance exercise, and aerobic 
physical activity. Socioeconomic information was obtained from a 
health interview, while health-related behaviors were collected 
through a self-reported questionnaire. Current smoker was defined as 
current smoking status or those who had smoked more than 100 ciga-
rettes during their lifetime. Alcohol intake was defined as more than 
2–3 drinks per week based on queries on the participants’ average al-
cohol consumption frequency. Aerobic physical activity was measured 
according to the performance of aerobic activity as recommended by 
the WHO guidelines. Those who participated in at least 150 minutes or 
more of moderate-intensity activity per week or a combination of 
moderate- and high-intensity activity for 75 minutes or more per week 
were classified as “meets recommended guidelines”; all others were 
classified as “under recommended”. With regard to resistance exercise, 
participants were asked “How many days per week do you perform re-
sistance exercises, such as push-ups, sit-ups, dumbbell exercises, 
weight lifting, and horizontal bar lifting?” The resistance exercise 
group consisted of subjects who performed resistance exercise 3 times 
or more per week. Trained medical staff performed the anthropomet-
ric measurements following a standardized procedure. Height and 
body weight were measured to the nearest 0.1 cm and 0.1 kg while 
participants wore light clothing without shoes. BMI was calculated as 
weight (kg) divided by the square of height (m2). Handgrip strength 
was measured using a digital hand dynamometer (Digital Grip Dyna-
mometer, TKK 5401; Takei Scientific Instruments Co. Ltd, Tokyo, Ja-
pan) and was measured with the subject in a standing position with 
their arms fully extended at the sides, not touching the body. The par-
ticipants were asked to exert maximum grip strength for <3 seconds, 3 
times each with their left and right hands. At least 30 seconds of rest 
interval was allowed between each trial. Handgrip strength was de-
fined as the maximally measured grip strength of the dominant hand.6) 
The overall daily sedentary time was estimated using the health inter-
view survey, particularly the following question: “on average, how 
many hours per day do you sit down?” Responses were divided into 
three categories according to sedentary time: Q1, ≤5 h/d; Q2, 6–9 h/d; 
and Q3, ≥10 h/d considering the criteria of a previous study and popu-
lation distribution in each age group.7)
3. Statistical Analysis
Sampling weights were used to account for the complex survey design 
of the KNHANES; therefore, we obtained valid estimates that repre-
sented all Korean female adults and avoided biased estimates. The 
characteristics of the study participants were analyzed according to 
age and sedentary time using a weighted one-way analysis of variance 
for continuous variables and a weighted chi-square test for categorical 
variables.
 The trend and relationship of handgrip strength and sedentary time 
(h/d) were calculated with a weighted analysis of covariance. All statis-
tical analyses were performed using IBM SPSS statistical software ver. 
23.0 (IBM Corp., Armonk, NY, USA). A P-value <0.05 was considered 
significant.
Table 2. Demographic and clinical characteristics according to sedentary time (h/d)
Characteristic
Sedentary time (h/d, N=5,437)
P-value
≤5 6–9 ≥10
No. of patients 1,655 1,607 2,175
Age (y) 45.8±0.4 43.4±0.4 42.3±0.4 <0.001
Body mass index (kg/m2) 23.1±0.1 22.9±0.1 22.9±0.1 <0.001
Cigarette smoking (%) 26.8±2.3 25.3±2.2 48.0±2.6 0.02
Alcohol ingestion (%) 13.2±0.9 13.4±1.0 12.5±0.8 0.7
Aerobic physical activity (%) 55.5±1.6 49.2±1.4 47.2±1.4 <0.001
Resistance exercise (%) 10.2±0.9 9.8±0.9 8.3±0.7 0.17
Household income quartile (%) <0.001
   1 (Lowest) 11.1±0.9 11.7±1.0 12.9±0.9
   2 28.7±1.4 23.2±1.3 21.3±1.2
   3 31.7±1.4 31.6±1.6 29.5±1.3
   4 (Highest) 28.5±1.5 33.5±1.6 36.3±1.5
Education (%) <0.001
   ≤Elementary school 14.3±1.0 12.1±0.9 9.8±0.8
   Middle school 10.2±0.8 7.6±0.7 4.4±0.5
   High school 40.4±1.5 36.2±1.5 38.2±1.3
   ≥University 35.1±1.4 44.1±1.6 47.6±1.5
Values are presented as number or mean±standard deviation.




Table 1 shows the participants’ general characteristics according to 
age. The total number of participants was 5,437. The proportion of cig-
arette smoking was highest in the 40–64-year-age group. The propor-
tion of alcohol intake and aerobic physical activity was highest in the 
19–39-year-age group. Participants in the 19–39-year-age group had 
the highest socioeconomic position, according to their household in-
come and education level. Table 2 shows the demographic and clinical 
characteristics of 5,437 women according to sedentary time. The mean 
age, BMI, and proportion of aerobic physical activity decreased as sed-
entary time increased in women. The group who sat down for more 
than 10 h/d on average had the highest socioeconomic position, ac-
cording to their household income and education level. Table 3 pres-
ents the independent relationship between handgrip strength and 
sedentary time according to the age group of participants: 19–39, 40–
64 years, and ≥65 years, and the oldest participant was 80 years old. 
Handgrip strength tended to decrease as sedentary time increased af-
ter adjusting for age, BMI, alcohol ingestion, cigarette smoking, resis-
tance exercise, aerobic physical activity, education level, household 
income, hypertension, diabetes mellitus, dyslipidemia, and depres-
sion.
DISCUSSION
In this large, representative sample of healthy Korean women, we 
found that sedentary time was inversely associated with handgrip 
strength. Our findings are in agreement with the results of previous 
studies. Many studies have shown that physical inactivity is generally 
associated with sarcopenia,8-10) and resistance exercise is considered 
the best to prevent sarcopenia.11,12) Physical activity, such as walking, 
has been shown to be associated with a decreased risk of sarcopenia, 
as assessed by a dual energy X-ray absorptiometry in Korean elderly 
men from the KNHANES IV 2, 3 (2008–2009).13) Measurement of hand-
grip strength is a fast, simple, standard, and reliable scale to measure 
overall voluntary muscle strength, and it is considered an important 
value to define sarcopenia, as weak handgrip strength is associated 
with a low muscle mass and predictive of poor physical perfor-
mance.14,15)
 In this nationally representative cross-sectional study, we found that 
handgrip strength is inversely associated with sedentary time in the 
healthy Korean women regardless of age. This inverse association was 
maintained after controlling for potential confounding variables in-
cluding age, BMI, cigarette smoking, alcohol ingestion, aerobic physi-
cal activity, resistance exercise, household income, education level, 
hypertension, diabetes mellitus, dyslipidemia, and depression. If sed-
entary time is increased, physical activity is decreased;  the risk of sar-
copenia is also increased, and it could be delineated by a weak hand-
grip strength.16)
 This study has certain limitations that should be considered when 
interpreting the findings. Firstly, it is difficult to establish a causal rela-
tionship between sedentary time and handgrip strength in healthy 
Korean women as this study used a cross-sectional design. Thus, pro-
spectively designed studies are necessary to clarify the relationship be-
tween sedentary time, sarcopenia, and handgrip strength. Secondly, 
this study was based on a questionnaire survey; thus, we could not ful-
ly exclude the effect of information bias. Self-reported sedentary time 
may be less accurate than objectively measured sedentary time. 





19–39 (N=1,978) No. of patients 481 603 894
Unadjusted 26.6±0.2 26.3±0.2 25.9±0.2 <0.001
Model 1* 26.4±0.2 26.3±0.2 26.0±0.2 <0.001
Model 2† 27.2±0.5 27.1±0.5 26.8±0.4 <0.001
Model 3‡ 27.0±1.3 27.0±1.3 26.6±1.3 <0.001
40–64 (N=2,664) No. of patients 970 767 927
Unadjusted 26.3±0.2 26.1±0.2 25.9±0.2 <0.001
Model 1* 26.4±0.2 26.2±0.2 25.9±0.2 <0.001
Model 2† 26.9±0.3 26.7±0.3 26.5±0.3 <0.001
Model 3‡ 27.0±1.3 27.0±1.3 26.6±1.3 <0.001
≥65 (N=795) No. of patients 204 237 354
Unadjusted 21.7±0.4 21.2±0.4 19.3±0.3 <0.001
Model 1* 20.8±0.3 20.5±0.3 20.2±0.3 <0.001
Model 2† 22.5±0.7 22.2±0.8 22.0±0.7 <0.001
Model 3‡ 22.5±0.7 22.2±0.8 22.0±0.7 <0.001
Values are presented as number or mean±standard deviation assessed by analysis of variance test.
BMI, body mass index.
*Model 1: adjusted for age and BMI. †Model 2: adjusted for age, BMI, cigarette smoking, alcohol ingestion, aerobic physical activity, resistance exercise, household income, and 
education. ‡Model 3: adjusted for age, BMI, cigarette smoking, alcohol ingestion, aerobic physical activity, resistance exercise, household income, education level, hypertension, 
diabetes mellitus, dyslipidemia, and depression.
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Thirdly, the questions used here did not distinguish between seden-
tary leisure time, such as time spent playing video games or watching 
television, and productive sedentary time, such as working on the 
computer. Since physical activity can be differentially associated with 
different types of sedentary pursuits,17) measurement of the total sed-
entary time without distinguishing between sedentary leisure time 
and productive sedentary time could affect the results. Finally, as there 
were no data on muscle mass in the 2014–2016 KNHANES, we had to 
use only handgrip strength and consider it to be a representative value 
of sarcopenia. However, even though handgrip strength has been 
widely accepted as the most efficient value for defining sarcopenia in 
recent years, several guidelines from European Groups Working on 
Sarcopenia in Older People (the Sarcopenia Working Group) or Asian 
Working Group for Sarcopenia still recommend the use of both muscle 
mass and muscle strength to diagnose sarcopenia. Therefore, further 
studies on the relationship between sedentary time and muscle mass 
in healthy Korean adults will be helpful to clarify the present study re-
sults.
 Despite these potential limitations, to the best of our knowledge, 
this is the first population-based study to demonstrate a relationship 
between sedentary time and handgrip strength in healthy women. In 
conclusion, we demonstrated a significant inverse association be-
tween sedentary time and handgrip strength that may be associated 
with sarcopenia. Thus, public health intervention to reduce sedentary 
time or improve national physical performance is required to form a 
preventive perspective of sarcopenia.
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